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(57) ABSTRACT 

An apparatus and method for analyzing thc ccll objccts of a 
ccll samplc for thc diagnosis and treatmcnt of actual or 
suspccted cancer is disclosed. An image of thc cell samplc 
is first digitizcd and morphological attributes, including arca 
and DNA mass of the cell objects arc automatically mca 
surcd from thc digitized imagc. Thc measured attributes arc 
comparcd to ranges of attributc values which arc precstab 
lishcd to sclect particular ccll objects having valuc in cancer 
analysis. Aftcr thc sclection of ccll objects, thc image is 
displaycd to an opcrator and indicia of sclection is displayed 
with cach sclectcd coll objcct, The opcrator thcn rcvicws thc 
automatically sclectcd cell objects, with thc bcncfit of thc 
mcasurcd cell objcct attribute valucs and accepts or changcs 
the automatic sclection of ccll objccts. In a preferrcd 
cmbodiment, cach sclected ccll objcct is assigncd to onc of 
six classcs and thc indicia of sclection consists of indicia of 
thc class into which the associated ccll object has becn 
placcd. The mcasurcd DNA mass of identificd ccll object 
fragments in tissuc scction samplcs may also be increased to 
rcprescnt thc DNA mass of thc whole cell object from which 
thc fragment was scctioned. 

21 Claims, 9 Drawing Sheets 
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1. 

METHOD AND APPARATUS FOR 
AUTOMATED ANALYSIS OF BIOLOGICAI, 

SPECIMIENS 

This is a continuation of application Scr. No. 08/097,449, 
filed on Jul. 26, 1993 now abandoncd, which is a division of 
application Ser. No. 07/595,117, filcd on Oct. 10, 1990, now 
U.S. Pat. No. 5,235,522. 

BACKGROUND OF THE INVENTION 

This invention relates to a system for pcrforming an assay 
of a biological cell sample, and more particularly, for 
providing an automated method and arrangement of mca 
suring attributcs of the cells of the samplc and classifying 
samplcd cclls in accordance with thc mcasured attributes. 
The diagnosis/prognosis of a possible canccr typically 

includes the removal of a cell samplc, such as a tissuc mass, 
from the patient. Although an attending physician may havc 
good intuition regarding the paticnt's diagnosis/prognosis, 
confirmation of thc diagnosis with a histological examina 
tion of the cell sample removed from the paticnt is ncccs 
sary. The histological examination cntails ccll staining pro 
cedures which allow the morphological features of the cells 
to be seen relatively casily in a light microscopc. A patholo 
gist, after having examined the staincd cell samplc, makcs a 
qualitative determination of thc static of thc tissuc and 
reaches a conclusion regarding the prognosis for thc patient, 
While this diagnostic method has a long history, it is 
somewhat lacking in scientific rigor since it is heavily reliant 
on thc subjective judgment of the pathologist and it is 
extremely time consuming. 
The optical evaluation of cell samplcs, and particularly 

those taken from tissue sections, is a difficult proccdure. The 
optical field presented to an evaluator is a disordercd col 
lection of cell objects, some on top of one another and othcrs 
being only fragments of whole cell objects. Thc optical ficla 
shows only boundaries of two-dimensional optical cntitics 
filled with varying levels of contrast, Some of the ovcr 
lapped cell objects appear to be large and/or dcnsc single cell 
objects and some of the cell object fragmcnts appear to havc 
sufficient size to be whole cell objects, Faccd with this 
random cluster of images, the evaluator's difficult and 
time-consuming task is the sclection of single wholc ccll 
objects which can accurately represent the cell samplc and 
the classification of those selectcd objects into catcgorics 
which classification aids in the final diagnosis/prognosis, 

It is well known that the DNA content of cell objccts can 
provide valuable information in cancer diagnosis. Systems 
have been developed which utilize the DNA content of ccll 
objects to improve histological examination. In U.S. Pat. 
No. 4,471,043 to Bacus for Method and Apparatus for Image 
Analyses of Biological Specimens, an automatcd method 
and a system for measuring the DNA ofcclls arc discloscd 
which employ differential staining of thc DNA in cell nuclei 
with a Feulgen stain and image processing. After staining, 
optical fields of the cell sample are prescnted to an cvaluator 
who selects objects for analysis and categorizcs the sclectcd 
objects. Certain attributes including thc DNA mass of the 
operator selected cell objects are then mcasurcd and uscd to 
produce reports such as DNA histograms. 
The arrangement and method of Bacus U.S. Pat. No. 

4,471,043 have been well received both for the rcports 
generated and for the improvements in the usc of opcrator 
time. The operator, however, must still sclect relevant ccll 
objects from the optical field presentcd and classify thc 
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2 
sclectcd cell objccts into classcs bcforc machinc mcasurc 
mcnt of attributcs occurs. Such sclection and classification 
requires thc thoughtful revicw of each objcct in thc random 
clustcrofimages of an obscrvcd ?iclci. Furthcr, the only input 
information available for such revicw is the varying contrast 
levcils presented by the visual image, Whcn thc operator 
must cvaluatic cell samplcs for along pcriod of time, as is thc 
casc in some pathology laboratorics, concentration by thc 
operator and accuracy of the decisions made, may bc 
affccted. 
Anccd cxists for an automatcd mcthod and arrangcmcnt 

for usc with a DNA analysis apparatus, which sclects whole, 
single cell objccts and classifics cach sclected ccll object as 
bcing in a particular onc of a plurality of diagnostic aiding 
catcgorics as well as in particular regions of thc DNA 
distribution. The automatic sclection and classification of 
ccll objccts spccds analysis and reduces thc tcdium of the 
opcrator, Also, pre-sclection and classification by thc appa 
ratus pcrimits thc opcrator to concentratic his or her cfforts on 
thc difficult and subtle analysis of thc presclcctcdccll objccts 
which arc likely to be representative of the sample, 
The evaluation of ccll objccts and thcir accuratic reporting 

is at its most difficult when a samplc is takcn from a tissue 
scction. Thc act of slicing thc tissuc scction also slices and 
distorts thc ccll objccts which arc to be obscrvcd and 
analyzcd. Thc vicwcd ficlad of a tissuc scction samplc 
contains many small cell objcct fragments which have 
almost no analysis valuc, but must bc cvaluatcd by thc 
obscrwcr. Other fragments arc substantial parts of ccll 
objccts, which duc to size or optical dcnsity, will be sclcctcd 
and reportcd as wholc ccll objccts. When reports such as 
DNA histograms arc preparcd, a selected fragment consist 
ing of 75% of a whole ccll object will be counted as a wholc 
ccll object having approximately 75% of the DNA containcd 
by the original (pre-sliccd) cell object. Thus, thc histogram 
will includc accll object having smaller DNA mass valuc 
than should have bccn rcported. Grcatcr report accuracy can 
be achicvcd when thc ccll object attributes such as DNA 
mass of fractional ccll objccts can bc corrected to rcprescnt 
wholc ccll objccts before those attributcs are uscd in prc 
paring the final reports. 
Anced cxists for cvaluation methods and apparatus which 

identify cell object fragments likcly to possess analysis 
valuc and properly correct their mcasured attributcs to 
rcflicct what those attributcs would havc bccn, had thc 
idcntificd ccll object not bccn fragment.cd. 

SUMMARY OF THE INVENTION 

Thc present invcntion provides a mcthod and apparatus 
for automatically measuring on a per cell objcct basis the 
DNA mass and othcr morphological characteristics of the 
ccll objects in a ccll samplc and automatically classifying 
cach analyzed cell object based on the measurcd character 
istics. Thc DNA mass and the other morphological attributes 
mcasurcd arc comparcd with predictermincd standard ranges 
to sclect single, wholc ccll objccts and dcterminc the class 
of the cell objccts being analyzcd, Both thc DNA mass and 
ccll class arc displaycd in an associated manner, and both are 
uscd in the preparation of final reports. The present inven 
tion also provides a mcthod for increasing the measurcd 
DNA mass value of identificd ccll objcct fragments from 
tissue scction samples to more accurately represent thc DNA 
mass of thc wholc ccll objcct from which the fragment was 
scctioncod. 

In accordance with the prescnt invention, a method of 
analyzing thc ccll objccts of a cell samplc includcs auto 
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matically measuring predetermined attributes, including the 
DNA mass, of the cell objects and automatically classifying 
selected ones of the cell objects into one of a plurality of 
mutually exclusive categories. An image of the cell objects 
is then displayed in association with their assigned class to 
an operator for human review. The operator is enabled to 
change the classification of any displayed cell object and to 
"deselect' automatically selected cell objects. As an aid to 
the operator's review of the cell objects, the automatically 
measured attributes are displayed to the operator during 
review. In an embodiment, the cell objects of interest are cell 
nuclei and the automatically measured attributes of the cell 
objects, which remain selected or are newly selected by the 
operator during the review, are used to generate reports such 
as the DNA histograms. 
The automatic attribute measurement and automatic 

selection and classification of cell objects rapidly produces 
a first accurate screening of the cell objects, removing much 
operator time and tedium from the analysis. The apparatus, 
in essence, automatically selects cell objects which are likely 
to have value in the assessment of possible cancers. The 
display of cell objects to the operator, along with their 
automatically assigned class, permits the operator to exer 
cise Seasoned judgement in the selection and classification 
operation and to change the automatically determined selec 
tion and classification. At the completion of the operator's 
review, the cell objects remaining selected and in classes are 
likely to be more accurate than those produced by the 
operator alone, since the determinations are made on the 
basis of quantitative apparatus selection and qualitative 
operator review. 
The automatic selection of cell objects from a cell sample 

and their classification is based on a set of filters, each 
comprising a group of cell object attribute value ranges. In 
a preferred embodiment, value ranges are established for the 
following cell object attributes: area, perimeter, DNA mass 
and shape. The value ranges for the filters are dependent on 
the type of analysis to be performed and are established by 
the operator prior to the actual analysis of cells. In an 
exemplary embodiment, the attribute range values for pros 
tate tissue sections are disclosed. 

Up to six different filters are established for a given 
analysis, each filter being used to select one class of cell 
objects having a preestablished set of value ranges. The 
definition of what each class represents is left to the indi 
vidual establishing the attribute value ranges. The defini 
tions of the six ranges in an exemplary embodiment for 
analyzing prostate tissue sections are diploid, large diploid, 
irregular diploid, S-phase, tetraploid and massive DNA. 

After the filter value ranges are established, an image of 
a field of the cell sample is digitized and the attributes of the 
cell objects of the digitized image are measured by the 
apparatus. The measured attributes are then compared with 
the stored filter-defining attribute value ranges to determine 
if a cell object observed in the image meets the definition of 
a class as established by the filter for that class. When a cell 
object is within the value ranges of a filter, the cell object is 
said to be selected and it is assigned to the class into which 
it falls. Alternatively, when a cell does not fall within any 
class it is said to be not selected. 
Upon the completion of automatic attribute measurement 

and class assignment, a representation of the cell sample 
image is displayed to the operator. The cell objects which 
were assigned a class are displayed in association with 
indicia of that assigned class. In a preferred embodiment, 
each class of cell object is assigned a unique color and each 
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4 
cell object in a class is displayed with a perimeter having the 
unique color of its class. Surrounding classified cell objects 
with the color of the class assigned thereto, notifies the 
operator of the class of the cell object but does not obscure 
the cell object from the operator's view. 

In a review phase of the cell analysis, the operator surveys 
the classified, displayed cell objects to determine if any 
assigned class should be changed or if a classified cell object 
should have its class removed. A computer mouse is used to 
move a cursor to a displayed cell object of interest and the 
cell object can be chosen for review by pressing a mouse 
key. Upon choosing a cell object for review, the measured 
attributes of that cell object are displayed so that the operator 
can see the qualitative attributes of that cell object. Based on 
the cell object display and the displayed attributes, the 
operator can change the class of the chosen cell object and 
thereby change its enhanced perimeter. When the cell 
objects selected and their assigned classes agree with the 
operator's opinion, the field can be approved. The measured 
attributes of the cell objects which remain in a class after the 
review phase are used to generate reports such as DNA mass 
histograms. 

Cell object samples taken from tissue sections may 
include cell object fragments which are selected and 
reported as whole cell objects while their DNA mass is less 
than the DNA mass of the cell object from which the 
fragment was sectioned. With the present invention, the 
measured DNA mass of such fragments can be corrected 
(increased) to reflect the DNA mass of their source whole 
cell object. After the automatic measurement of cell object 
attributes, cell object fragments which are likely to have 
analysis value are identified from their measured attributes 
and the cell object attributes are corrected to reflect the 
attributes of the whole cell objects from which the fragment 
was sectioned. 

In a preferred embodiment, the valuable cell object frag 
ments are identified by comparing the measured cell object 
area with a threshold value determined from the known 
thickness of a tissue section from which the sample was 
taken. If the measured cell object area is larger than the 
threshold, the cell object is identified for correction since it 
is too large to be entirely included within the tissue section. 
A correction value is then determined from the measured 
area and the tissue section thickness and used to increase the 
measured DNA mass of the identified cell object fragment. 

In an embodiment of the invention, the correction value C 
is determined from the equation: 

c=-3--- 
16R3 

where T is the tissue section thickness and R equals the 
square root of the measured area divided by TL. The formula 
yields a correction value between 0 and 1 for identified cell 
objects, which value is divided into the measured DNA mass 
of the cell object to increase the DNA mass to a corrected 
value representing the whole cell object. The correction 
values can be calculated and the division performed as each 
identified cell object is classified, or it can be applied to a 
stored list of measured cell objects selected from the filter 
process discussed above. Also, a correction value look up 
table can also be created before analysis begins. Such a 
correction value table stores predetermined calculation 
results from various combinations of tissue section thickness 
and measured cell object area. Similarly, the correction 
value table can be populated with correction values empiri 
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cally determined from studics of tissuc scction ccll object 
samples. 
The DNA mass correction function can bc performcd 

before ccll objccts arc sclected and classificd for rcports, or 
after such sclection and classification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of an apparatus cmbodying thc 
present invention for analyzing ccll samples; 

FIG. 2 is a block diagram of thc apparatus of FIG. 1; 
FIGS. 3-6 arc DNA histograms produced by the appara 

tus of FIG. 1; 
FIG. 7 is a representation of an optical ficla of a cell 

sample; 
FIG. 8 is a pictorial represcntation of the main mcmu 

options of FIG. 1; 
FIG. 9 is a pictorial representation of thc analyzc function 

of FIG, 8; 
FIG, 10 is a flow diagram of the classify function shown 

in FIG. 9; 
FIG. 11 is a representation of an optical cntity table storcd 

for cach optical cntity of an observed samplc; 
FIG. 12 is a representation of a vidco screcn presentcd 

during the revicw function of FIG. 10; 
FIG. 13 is a representation of the menu scrccn presented 

during the performance of the review function; 
FIG. 14 is a rcpresentation of the filter menu scrccn shown 

during the sct filter function of FIG. 8; 
FIG. 15 is an edge view of a tissue section cell object 

sample; 
FIG. 16 is a top view of the tissuc scction sample of FIG. 

15; and 
FIG. 17 is a flow diagram of a DNA mass correction 

function, 

DETALED DESCRIPTION OF THE 
PREFERRED OF THE EMBODIMENT 

As shown in the drawings and describcd hercin, the 
invention is embodied in a method and apparatus for auto 
matically analyzing "cell objects' which term is used to be 
generic to cells such as cells taken from tumors or the like, 
and which arc checked for their DNA content and also to be 
generic to non-biological objects such as plastic or glass 
spheres. In the disclosed embodiment, the cell objects of 
interest are cell nuclei. By way of cxamplc, thc prcscnt 
invention is useful for study not only of ploidy analysis but 
also can be used to analyze Pap smcar cells, monoclonol 
antibodies and other infectious diseascs which can be diag 
nosed by DNA probes. 
The Preferred Embodiment described hercin is uscd to 

analyze tissue section biological specimcns which arc cxam 
ined on a microscope slide, The principles taught however 
relate also to other sample collection mcthods such as ccll 
aspiration and to other means for examining cclls such as a 
flow cytometer, 
The present invention speeds up cell analysis by improv 

ing the level of automation and providing new and valuable 
information to the medical expert responsible for diagnosis/ 
prognosis. To illustrate the importance of accuratic ccll 
object selection for analysis by the present apparatus, rcf. 
erence is directed to FIGS. 3 through 6. FIG. 3 shows a 
normal DNA mass histogram having cell number vicrsus 
mass distribution for healthy, non-dividing cells. The num 
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6 
bcr of cclls is provided on the ordinatc axis and thcir DNA 
nuclear mass on the abscissa. Thc ccll population shown in 
FIG. 3 is not dividing and thc DNA contcnt peaks around a 
normal peak G/G which is the diploid DNA amount of 
7.18 picograms pcr ccll. This rclative mass of DNA is 
labellcd as 1 to normalize the abscissa of the histogram. FIG. 
4 shows a normal ccll population which is dividing as is 
shown by thc significant G/G pcak at 1 and a sccond pcak 
G2/M at 2 (14.36 picograms per ccll). The pcak at 2 is 
normal, becausc some of thc cells arc in division and have 
double the normal diploid amount of DNA. The saddle S 
between thc two pcaks represcnts cclls which arc in various 
stages of DNA replication. 
Comparing the histogram of FIG. 5 with those of FIGS. 

3 and 4, it is sccm that this cell population is skewcd from 
normal having a first pcak around 1.5 and thc sccond peak 
around 3. This histogram may show a malignancy bccausc 
of thc abnormally high DNA content of many of thc cclls. 
This high DNA content is likcly indicative of the increascd 
chromosomc content of malignant cclls. Similarly, in FIG. 6 
it is shown that the first pcak occurs at 1 indicating the 
normal diploid amount of DNA, but has a relatively large 
trailing saddlc from 1 to 2.8. A normal sccond peak is not 
shown in FIG. 6. The shapc of the FIG. 6 histogram is likcly 
duc to abnormal DNA amounts in cclls and cloncs of cclls 
indicative of malignancy. Thc analysis of FIGS. 5 and 6 is 
a difficult task becausc thc particular classcs of cclls which 
make up cach mass range of thc histogram can bc important 
to analysis, but can only bc surmiscd from thc data providcd 
by thc histogram. The discloscd cmbodimcnt automatically 
dctermines a ccll class from mcasurcd DNA content and 
other morphological features of ccll objects and providcs 
this cell catcgory information to the cxpert as an aid to his 
or hcr analysis. 
Thc DNA histograms of the type shown in FIGS. 3 

through 6 arc cxtremely valuable in the histological cvalu 
ation of both suspccted and actual cancers. Given their 
valuc, it is important that thc data from which thc histograms 
arc gencratcd is accuratic and can bc produccd at arcason 
able cost so that these techniques arc widcly available. 

FIG. 7 is a represcntation of a portion of a disordered 
collection of ccll objccts as sccn in an optical image of a cell 
samplc. The represcntation of FIG. 7 includes five optical 
cntitics numbered 110 through 114. An optical cntity, in this 
description, is a vicwable itcm having a common boundary 
filled with levels of contrast so that it can bc distinguished 
from the image background. An optical cntity may comprise 
a single cell object fragment, a single whole ccll object or 
overlappcd combinations of whole and fragmentary cell 
objects. Thc cell object fragments arc particularly prevalcnt 
in cell samplcs takcn from scctioncod tissue where thc slicing 
nccessary to preparc thc scction cuts many ccll objccts into 
fragments. The optical cntitics of FIG. 7 arc made up of 
whole cell nuclei and fragments of ccll nuclei. When these 
optical cntities are to bc evaluatcd manually, an cvaluator 
sclects which of thc optical cntitics should bc included in the 
final tabulation such as the histograms of FIGS. 3 through 6. 

Entity 110 is relatively round and appears to have suffi 
cient density (contrast) to be a wholc single cell objcct, and 
will probably bc sclectcd for analysis as a diploid ccll by thc 
cvaluator, Entity 111 may bc intcrpretcd as a single clon 
gated cell objcct of sufficient density for cvaluation, how 
cver, it may actually be two ccll objects 116 and 117, lying 
partially onc on top of the other, to give the appearance of 
a single cell objcct, Should thc cvaluator sclect cntity 111 as 
a single cell object, when in fact it is two cell objects, thc 
data will show a single cell objcct (a count of onc on the 
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histogram) which has a DNA mass of approximately twice 
the diploid amount. Thus, the selection of optical entity 111 
may result in incorrect data. Similarly, entity 113 may be 
interpreted as two overlapping cell objects and not counted 
by an evaluator. However, entity 113 may be a deformed 
tetraploid cell object in which case, the selection of optical 
entity 113 would be valuable to a final report. It can be seen 
from FIG. 7, that the selection of cell objects which are 
likely to provide accurate analysis information is a difficult 
task when only the optical image is available. The present 
invention automates cell sample evaluation including cell 
object selection and classification by the apparatus shown in 
FIGS. 1 and 2, functioning in accordance with new opera 
tional methods. 

In the implementation shown in FIGS. 1 and 2, the system 
is a computerized image analysis apparatus designed to 
measure a number of cell object features and parameters 
from their image on a typical glass slide. The apparatus 
includes a sophisticated digital image processing system 
which performs quantitative analysis on individual cells for 
nuclear DNA content as well as measurement of other 
nuclear features. 

FIG. 1 shows an apparatus embodying the present inven 
tion which is generally identified by a numeral 10. Apparatus 
10 comprises an optical microscope 12 which may be any 
conventional type, but in this embodiment is a Riechart 
Diastar. An optical camera module 14 is mounted on the 
microscope 12 to enhance optically a magnified image of a 
cell sample viewed with microscope 12. The optical camera 
module 14 includes at least one television camera which 
generates a standard NTSC compatible signal representative 
of the field of view of microscope 12. An image processing 
system 28 (FIG. 2) is connected to the camera module 14 to 
receive the NTSC signal and to store a cell object pixel array 
therein. The image processor 28 is connected to a computer 
32 which in the present embodiment, is an INTEL 301, 
Model 386 computer, for the processing of the pixel array. 

Computer 32 which is shown in greater detail in FIG. 2 
includes a system bus 34 Connected to the image processor 
28. An 80386 microprocessor 36 is connected to the system 
bus 34. A random access memory 38 and a read-only 
memory 40 are also connected to system bus 34 for the 
storage and information. A disk controller 40 is connected by 
a local bus 44 to a Winchester disk drive 46 and to a floppy 
disk drive 48 for secondary information storage. A video 
conversion board 50, in this embodiment an EGA board 
having 256K bytes of memory, is connected to the system 
bus 34 to control an instruction monitor 52 connected to the 
EGA board 50. A keyboard processor 54 is connected to 
system bus 34 to interpret signals from a keyboard 56. An 
interactive computer mouse 20 is also connected to bus 34 
via a mouse interface 23. A printer 58 is connected to the 
system bus 34 for generating paper copies of information 
generated by computer 32. 
An X-Y image field board 60 is connected to the system 

bus 34 and to a slide holder of the microscope 12 to sense 
the relative position of slide 62 with respect to a microscope 
objective 64. Included is a Y position sensor 66 and an X 
position sensor 68. The Yposition sensor 66 is connected via 
a communication path 70 to the X-Y board 60 and the X 
position sensor 68 is connected via a communication path 72 
to the X-Y board 60. The microscope 12 also includes an eye 
piece 76, in optical alignment with the objective 64 for the 
magnification of light forming the image of a cell sample on 
slide 62. 

When using the apparatus 10, a pathologist first collects 
a cell sample which may be in the form of a tissue section 
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8 
made from frozen or paraffinized prostate tissue. Such a cell 
sample will include both whole cell nuclei and cell nuclei 
fragments, both of which are referred to as cell objects 
herein. Alternatively, the cell sample may be a cell prepa 
ration of the type taken by aspirating the contents of a cyst 
or tumor. The cells of the cell sample are placed on slide 62 
and fixed thereon. The fixed cell sample is then prepared by, 
for example, the Feulgen staining technique to enhance cell 
object features. 
The microscope slide 62 is then placed on the carrying 

stage of microscope 12 and the objective 64 is focused 
thereon. A portion of the light from the objective 64 travels 
through a beam splitting mirror 80 to eye piece 12 where it 
may be viewed by an observer. The beam splitting mirror 80 
conveys the remainder of the light from objective 64 to 
camera module 14, which generates an NTSC signal repre 
senting the image and applies that signal to image processor 
28. Image processor 28 digitizes the image received from 
camera unit 14 and stores the digitized image in a frame 
buffer of the image processor. The contents of the frame 
buffer are presented to an image monitor 30, which displays 
a field of the cell sample. The digitized image field is also 
presented to computer 32 over system bus 34 for analysis 
thereof. 

When the apparatus is in operation, the operator has a 
number of options or functions which can be chosen to 
acquire and process data from a cell sample. In general, the 
program setting forth the functions is menu driven and 
provides on instruction monitor 52 a main menu of options 
as shown in FIG.8. The main menu 120 consists of five main 
screen functions including a label function 122, a calibrate 
function 124, a help function 126, an exit function 128 and 
an analyze function 130. A function is selected from the 
menu of FIG. 8, as well as other menus presented to the 
operator, by operator interaction with mouse 20. The menus 
are presented on monitor 52 to the operator who moves a 
cursor thereon by means of mouse 20 and selects a desired 
function by pressing a mouse button e.g., 21 when the cursor 
is on the desired function. Mouse interactive menu selection 
is well known in the art. 
The label function 122 allows a user to enter information 

regarding the patient identification, accession number, and a 
DNA conversion number. The DNA conversion number is 
the expected DNA mass for a diploid cell. Initially, the DNA 
conversion number is set by default to a standard 7.18 
picograms for normal human cells. However, the apparatus 
may be used to measure non-human cells and the index may 
be changed to the number desired. The DNA index number 
must be set to a value greater than or equal to 1 and less than 
or equal to 99.99. 

Selection of the calibrate function 124 permits the proper 
adjustment of the apparatus to assure accurate measure 
ments. In the calibrate function 124 light levels are com 
pared to known standard light levels for appropriate adjust 
ment and the DNA mass of a number of standard cells is 
determined so that the DNA mass of the cell objects in the 
cell sample can be accurately determined. The calibration of 
apparatus of the type shown in FIG. 1 is described in detail 
in U.S. Pat. No. 4,741,043 to Bacus. 
The help function 126 of FIG. 8 provides explanation to 

the operator to aid in the use of the apparatus 10. The exit 
function 128 permits the system to leave the present main 
menu function. 
The analyze function 130 is performed to specifically 

analyze the cell objects of a sampled field of cell objects. 
The menu 142 for the analyze function is shown in greater 
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detail in FIG. 9. It is in the analyzc function of FIG. 9 that 
actual cell object attributes such as DNA mass are measured 
and recorded for reporting purposcs. The analyzc function 
142 includes a number of sub-functions which arc cmploycd 
to improve the accuracy of cell objcct attributc mcasure 
ment. One sub-function is thc check light function 148 
which calculates the light level of the currcnt ficla image to 
assure accuracy of adjustments. A boundary function 156 
allows the operator to set thc threshold which must bc 
achievcd between the image background and the contrast of 
an optical cntity bcfore that entity is recognized. Scale 
function 154 permits the adjustmcnt of thc horizontal scalc 
of DNA histograms shown on thc monitor 52. The sct 
thickness function 146 is uscd to provide ccrtain DNA mass 
corrections and is discussc.d below. The analyzc function 
also includes ahclp function 158 to provide assistance to thc 
operator and a main function 162 which permits the rcturn 
to the main menu from thc analysis menu 142. 
The classify function 144 and sct filters function 150 arc 

the two most closely related functions to thc actual cvalu 
ation and measurement of cell object attributcs. Thc Sct 
filters function allows the operator to cstablish rangcs of 
predictermined measurable paramcters which arc uscd to 
interpret the attributes of cell objccts mcasurcd in the 
classify function. 
The ranges are set by the operator and dcfinc which ccll 

objects will be automatically selected for reporting and what 
classes of cell objects are to be automatically assigned to thc 
selected cell objects. The filter ranges arc, as discusscd 
below, compared to automatically mcasured ccll object 
attributes and ccll objects will be sclectcd and classificd or 
not, depending on their similarity to thc cstablishcd rangcs. 
The scting of ranges, the automatic mcasurcmcnt of ccll 
objects and the comparison of measurements and filter 
ranges, replaces the tedious cell objcct sclection and clas 
sification by human operators. 
When the set filters function is requcstcd, the filtcr mcnu 

171 of FIG. 14 is displayed on the analysis screen of monitor 
52. The filter menu 171 includes an options ficla 170 and a 
filter parameter field 172. Options field 170 sets forth 
particular functions which can be performed in the sct filters 
function and the parameters field 172 identifics thc valuc 
ranges of four cell object attributes which are uscd to 
automatically place a given cell object into onc of six classes 
identifica as class 1 through class 6. When thc filter mcnu is 
initially presented to the operator on monitor 52, the four 
attribute value ranges under each class heading arc all set to 
ZO, 

The options listed in the options field 170 arc primarily 
used to establish ranges of values in thc parametcr field 172 
and to define the use of those parameters. The "Load' option 
175 permits the opcrator to specify the name of a prc-storcd 
file of filter parameters which arc read from memory and 
used to populate the filter parameter field 172. The "New" 
option 176 permits the operator to directly cnter ranges of 
values into parameter field 172 for cach cell object attribute 
in each class 1 through 6. The "Savc" ficla 177 permits the 
saving of the values written into parameter field 172. The 
option "Save As" is similar to the option "Savc' 177, except 
that the saved set of parameters can bc given a particular 
name to aid in later recall. The "Delctic' function 179 is used 
to delete all of the parameters entered in paramctcr ficlod 172 
and the "Filter Off” field 180 enables thc usc of the classify 
function 144 without any preassigned filter parameters. As 
in the previous screens, the "Help' function 181 provides 
user information and the "Exit' function 182 allows thc user 
the return to the analysis menu 142. 
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10 
Thc paramcter ficla 172 includes filter definitions for cach 

of six classes of ccll objects. Thc ?iltcr for cach ccll object 
class compriscs a rangc of valucs assigncd to cach of four 
ccll objcct attributcs listcdbclow that class designation. Thc 
four attributes for cach class are thc arca of optical cntity in 
square micrometers, thc shapc of the optical cntity, its DNA 
mass in picograms and thc optical density of that optical 
cntity. The shapc factor in thc value ranges is determincd by 
dividing thc square of the pcrimcter of the optical cntity by 
the arca of that cntity. Thus, a round shape has shapc valuc 
of 4 m and the value becomes larger thc "lcss round' thc 
measurcd objcct is, 
The filter paramcters placcd in thc class definition ficla 

172 depcnd on thc particular location from which the cell 
samplc was taken c.g., brcast and the particular type of ccll 
sample c.g., tissuc scction. Thc ranges of values shown in 
FIG. 14 have becn found uscful in thc cvaluation of prostatc 
tissuc scction ccll samplcs. With the valucs shown, class 1 
identifics small diploid ccll objects which arc substantially 
round; class 2 identifics larger diploid ccll objccts which arc 
also substantially round; class 3 identifics S phasc ccll 
objects which arc of regular shape; class 4 identifics small 
diploid ccll objccts of a morc irregular shape than class 1; 
class Sidcntifics tetraploid cell objccts; and class 6 idcntifics 
ccll objccts having large amounts of DNA, 

After thc filter valucsarc cstablished in function 150, the 
operator can movc to the classify function 144 in which cell 
objccts arc automatically sclected by the apparatus 10 in 
accordance with thc cstablishcd filter valucs. In the casc 
where accll objcct docs not mcct thc filter ranges for any of 
the six classcs (FIG. 14), thc ccll object is not sclcctcd for 
classification. 

The flow chart of the classify function 144 is shown in 
FIG. 10. In the classify function, the digital image of a ficla 
of optical cntitics on slidc 62 is analyzcd by microproccssor 
36 (FIG. 2). The digitized image is scanned (block 191) until 
an optical cntity is found by thc differencc in contrast values 
bctwccn thc cntity and the imagc background. Microproces 
sor 36 then procccds to thc mcasure attributc step 193 where 
it identifics thc perimeter of the found optical cntity and 
counts both thc number of pixels on the perimetcr and the 
numbcr of pixels within that pcrimcter to dctcrmine thc 
pcrimcter and area of thc cntity found. Also, microprocessor 
36 computes thc DNA mass of the found optical cntity from 
the previous calibration data and the density of the ccll 
object and forms a sum of thc optical density of the cntity, 
After the attributes have bcen measured, an optical cntity 
table (FIG. 11) is cstablished for the optical cntity and thc 
measured attributes arc stored in the entity table in step 195. 
The optical cntity table for an entity includes its arca, shape, 
class, DNA mass, optical density, perimcitcr length and 
location information. The location information of an cntity 
consists of thc X and Y coordinates of the ficla containing 
the cntity, as dctcrmined from the X position sensor 68, the 
Y position scnsor 66 and thc X-Y board 60 and the hori 
Zontal and vertical maxima and minima of thc entity pcrim 
cter as dctermined from thc digital rcprescntation of thc 
field. When the optical entity table is initially established for 
an entity, the class designation is sct to 0 to indicate an 
unsclccted cntity. The class designation for an cntity which 
is assigned a class 1 through 6 is written into thc cntity table 
of that cntity in later step 199. 

Aftcr thc optical entity attributcs arc accumulated and 
stored, they arc comparcd (step 197) with the valuc ranges 
cstablishcd in the filter scting function 150 (FIG.9) in order 
to classify the cntity. The optical cntity attributes of an entity 
are compared to the six scts of filter rangcs 1 through 6 in 
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sequence. When the optical entity is found to be within a 
class, the entity is assigned to the found class and no further 
comparison with the ranges of other classes is undertaken. 
The following is an example of comparison for an optical 
entity having an area 80, shape 14, DNA mass 7.18 and 
density 0.4. The exemplary entity attributes will be first 
compared to ranges of class 1, where no match will be found 
because the entity area is too large. The entity attributes are 
next compared with the ranges of class 2 where a match is 
found. The entity is then assigned to class 2 and further 
comparisons with class ranges for this entity do not occur, 
even though this entity might fit into more than one class. 
When the measured values of an entity do not fall within 

all of the ranges of values of any class, the entity is 
determined in step 198 to not be a useful diagnostic entity 
and the control program returns the find unmeasured entity 
step 191 to identify a new optical entity. Alternatively, when 
the measured attributes fall within all of the ranges of values 
of one of the classes 1 through 6, the identified class is stored 
(step 199) in the optical entity table (FIG. 11) of the found 
entity. After step 199, the flow proceeds to a block 321 to 
determine if DNA correction is needed. For the present 
example, the DNA correction, which is discussed below, is 
not needed and the program returns to block 191 to search 
for another optical entity. 
When all of the optical entities in a field have been 

measured, no unmeasured object will be found in step 191 
and flow proceeds to a review function 201. The review 
function 201 begins with the display (FIG. 12) on image 
monitor 30 of the optical field presently being reviewed. The 
displayed field is enhanced by drawing a line around each 
optical entity which was assigned one of the classes 1 
through 6 (step 197, FIG. 10). The line around the perimeter 
is called perimeter enhancement and indicates that the 
included optical entity has been selected and classified. All 
non-selected optical entities in the field are displayed with 
out perimeter enhancements. 
The perimeter enhancement for a selected optical entity 

consists of a line around the selected optical entity, having 
a color which is uniquely associated with the class assigned 
to that optical entity. The association of classes 1 through 6 
and colors is represented in FIG. 14 by a rectangle, e.g., 183 
next to the designation of each class, e.g., class 1. In FIG. 14, 
rectangles 183 through 188 are shown in association with 
classes 1 through 6 respectively. The color of the rectangles 
183 through 188 is described in Table 1. 

TABLE 1. 

Rectangle Class Color 

183 1 (small diploid) Light Blue 
184 2 (large diploid) Red 
185 3 (Sphase) Green 
186 4 (irregular diploid) Dark Blue 
187 5 (tetraploid) Violet 
188 6 (massive DNA) Yellow 

The encirclement of an optical entity by a colored line 
provides the operator with a direct indication of the class 
assigned to that optical entity, but does not obscure the 
optical entity from view. 
The review image represented in FIG. 12 includes five 

optical entities 250 through 254 of which entities 250 and 
254 do not have perimeter enhancements, while entities 251, 
252 and 253 are encircled by perimeter enhancements 261, 
262 and 263 respectively. For purposes of illustration, it is 
assumed that entity 250 is a cell object fragment having 
DNA mass of less than 6.47 picograms and that entity 254 
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12 
has a DNA mass between 7.97 and 12.91 picograms, but is 
too irregular (shape greater than 16) to be an S phase cell. 
Thus, the entities 250 and 251 were not selected to be in a 
class and are not reproduced with enhanced perimeters. 
Entity 251 is produced on display 30 and represented in FIG. 
12 with a light blue perimeter 261, (--...--) indicating a 
diploid cell object, entity 252 is produced with a green 
perimeter 262, (...) indicating an S phase cell object and 
entity 253 is produced with a violet perimeter 263, (...) 
indicating a tetraploid cell object. The cell objects and their 
enhanced perimeters are observed by the operator during the 
review function. 
The review function is an operator interactive operation, 

the menu for which is represented in FIG. 13. In the review 
function 201, the operator can select a help function 204 or 
an exit function 206 which are substantially similar to the 
previously described help and exit functions. Should the 
operator select the exit function 206, classifications assigned 
to the optical entities displayed (FIG. 12) are retained and 
the measured attributes of those selected entities will be used 
to produce final reports such as the DNA histogram. If the 
operator feels that further review of the field is desirable, he 
or she selects the "choose entity" function 208 which 
produces a mouse cursor 210 on the field viewing screen 30 
represented in FIG. 12. By manipulation of mouse 20, the 
mouse cursor 210 is placed on an optical entity e.g., 253 
(either previously classified or previously not classified) in 
question and that entity is chosen for review by depressing 
a key 21 on the mouse 20. When an entity is chosen its entity 
table (FIG. 11) is identified for use by comparing the X, Y 
position of the cursor 210 with the X and Y location 
information of optical entities as previously stored in the 
entity tables. After choosing an entity for review, the opera 
tor has three additional functions which can be selected. The 
display attributes function 214 produces on the review 
screen of FIG. 12, an attributes field 215 which displays the 
previously measured and stored attributes of the optical 
entity chosen for review. The attributes displayed in field 
215 provide additional information to the operator on which 
decisions can be made. 

Based on the viewed optical entity and the displayed 
attributes-in field 215, the operator may wish to change the 
class to which the chosen entity was previously assigned. 
Change class function 212 is used to provide this change. 
The selection of the change class function 212 displays a 
numerical listing 217 (FIG. 12) of the numbers 1 through 0. 
The operator can place the mouse cursor 210 on any of the 
numbers 1 through 6 or 0 and press button 21 to enact a 
change of classification. Selecting one of the numbers 1 
through 6 changes the classification of the chosen entity to 
the new class number. If the class number 0 is identified 
from the list 217, a 0 is written into the class location of the 
entity table. Upon a change of class the new class number (or 
Zero) is stored in the associated entity table (FIG. 11) and, 
the colored perimeter of the selected entity is changed to a 
color representing the newly assigned class or is changed to 
a dark green indicating a deselected entity. 

While in the choose entity function 208, the operator may 
observe two overlapped cell objects which appear to have 
been considered during automatic classification as a single 
optical entity. The operator can move the cursor to select 
such an entity. The cut entity function 216 can then be 
selected in which the operator, using known techniques, 
separates the selected optical entity into two parts for 
analysis purposes. After the cut entity function 216 the 
control program returns to the flow chart of FIG. 10 to 
reevaluate the cut entity as two entities in accordance with 
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the operator's direction. At the conclusion of the recvalua 
tion of the two new entities control rcturns to thc rcvicw 
menus 201 in the choose function 208. Thc incwly cut cntity 
is then displayed, if appropriatic, with cnhanced pcrimcicrs 
around cither portion of the entity, 

At the conclusion of the choosc cntity function 208, thc 
operator returns to the exit function 206 which transfers 
control back to the analysis menu 142 (FIG. 9). In thc 
analysis menu, the opcrator can sclect the report function 
160 to prepare reports such as a DNA histogram. The data 
for reports is read from thc cntity tables of thc optical cntitics 
of the cell sample. Since each entity table includes a class 
designation identifying the class of thc associated cntity, thc 
unselected cntities (class=0) can rcadily be cxcluded from 
reports. 
The previously described opcrations both simplify and 

accelerate the cell analysis operation by assisting an opcrator 
in the analysis process and automatically performing many 
of the routine portions of the analysis. Although difficult to 
quanti?y, the operator assistance provided by the prescnt 
apparatus is believed also to improve thc accuracy of final 
analysis and reporting. An additional capability, described 
below, directly improves the accuracy of final reports par 
ticularly DNA histogram reports when thcy result from an 
analysis of cells prepared from tissuc scctions. 
A tissue section sample is made by "hardcning' and 

"embedding' a tissue samplc removcd from a paticnt, pcr 
haps by immersing the tissue samplc in a fixative likc 
formalin, and then by allowing it to be pcrmcatcd by 
paraffin. To achieve a section, thin c.g., 5 micron slices arc 
cut from the tissue mass. The act of cutting thin sliccs, which 
in many cases are thinner than the major dimensions of thc 
cell objects to be observed, creates many ccll object frag 
ments. 
FIG, 15 is an edge view of a tissue scction 300 of 

thickness T showing a plurality of cell objects 301 through 
305. Tissue section 300 has a top surface 310 formcd by onc 
slicing operation and a bottom surface 311 formed by 
another slicing operation. FIG, 16 is a top vicw of the same 
tissue section which represents the vicw of FIG, 15 pre 
sented to analysis apparatus. In FIG. 15, thc solid linc ccll 
objects and cell object fragments arc those remaining for 
analysis and the dotted lines above and below surfaces 310 
and 311 represent the portions of cell objccts which have 
been sliced away by tissue sectioning. Cell objects 301 and 
302 represent small fragments of relatively small cell 
objects, Cell objects 303 and 304 represent wholc ccll 
objects and cell object 305 represcnts a largc ccll object with 
relatively small top and bottom portions sliced away. 
By presumption, fragments 301 and 302 will not be 

selected during analysis, since they arc so small and lack 
sufficient density and DNA mass to match any of the filters 
of FIG. 14. Cell objects 303 and 304 arc presumably wholc 
diploid cell objects and will be selectcd by thc automatcd 
process. Cell object fragment 305, which is assumed to 
represent a tetraploid cell, will be sclected by the filters but 
its measured DNA mass value will bc less than its unfrag 
mented value. That is, the DNA contcnt of thc sliced away 
dotted line portions will not be included in its DNA mass, 
Thus, reporting fragment 305 as a whole ccll object on the 
DNA mass histogram, will cause a point to appear with less 
mass than it should have. 

For purposes of the following cxample, it is assumed that 
cell objects 303 and 304 have measured areas of 19 squarc 
microns and are selected as class 1 ccll objccts and that cell 
object 305 has a measured area of 50 square microns, a DNA 
mass of 11.7 picograms and will be sclectcd as a class 3 ccll 
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object. The prescnt cmbodiment includes mcthods for cor 
recting the DNA mass valucs of cell objcct fragments, such 
as fragment 305 to more accuratcly represcnt their unfrag 
ment.cd DNA mass. Both thcnced for DNA mass correction, 
and thc amount of correction is dcpcndent on thc thickness 
of thc tissuc scction which was uscd to provide thc ccll 
samplc bcing analy/cd. Thc tissue scction thickness is 
cstablished in the apparatus by performing thc sct thickness 
function 146 of thc analysis mcnu of FIG. 9. For the 
purposes of thc present cxamplc, thc tissuc scction 300 has 
a thickncss T of 5 microns, so that thc valuc 5 microns is 
cntcrcd in thc sct tissuc thickncss function 146. 
A flow diagram of thc DNA mass correction opcration is 

shown in FIG. 17 which is an adjunct to thc classify flow 
diagram of FIG, 10. The classify function is performed as 
shown in FIG, 10 and when a ccll object such as thc cell 
object fragment 301 is not sclectcd for classification, the 
flow procccds from block 198 to block 191, as previously 
discusscd. When accll objcct is sclected for classification, 
thc assigned class is writtcn into thc cntity table (FIG, 11) of 
that cell objcct and thc flow procccds to block 321 to 
determine if correction is to be invokcd. When correction is 
to bc invokcd, flow procccds to thc correction function of 
FIG. 17. The correction function begins in block 320 (FIG. 
17) where the mcasurcd arca of the cell objcct is compared 
to a threshold valuc dctermincd from thc tissuc scction 
thickness. Thc threshold valuc is thcarca of a circlc having 
a diameter cqual to the tissue scction thickncss, For the 5 
micron tissuc scction of thc prescnt cxamplc, threshold of 
block 320 is approximatcly 20 squarc microns. Block 320 is 
performed to identify large cell fragmcnts such as cell objcct 
fragment 305, which necd correction and to not identify for 
correction smallcr whole cell objects such as 303, which do 
not necd correction, 
Whcn whole cell object 303 (arca-19 squarc microns) is 

bcing classified, step 320dctermines that thc threshold of 20 
squarc microns is not cxcccdcd and thc flow procccds to 
block 191 without correcting thc DNA mass valuc of whole 
cell object 303. When ccll object fragment 305-is classificci, 
it will bc placcd in class 3 (scc. cxamplc assumptions) and 
block 320 will determinc that thc measurcd arca (50 squarc 
microns) is larger than the 20 square micron threshold. A 
mcasurcd arca greater than thc threshold indicates that thc 
cntire ccll objcct is unlikcly to cxist in the 5 micron 
thickness, and that DNA mass corrcction is necdcd. After a 
detcrmination that thc mcasured arca of accll objcct cxcccds 
thc threshold, a block 322 is performed to detcrminc a 
correction valuc for thc cell object. The correction valuc is 
determincd from thc measured arca of thc ccll object and thc 
thickness of the tissuc scction samplc. 
The corrcction value C is calculated from cquation 1: 

C: 3T 13 (1) 
4R 163 

where T is the tissuc scction thickness and R cquals the 
square root of the measured arca divided by T. Given the 50 
square micron mcasured arca of ccll objcct 305, R is 
approximatcly cqual to 3.99 microns yielding a correction 
valuc C of 0.817. After the correction value is determincd in 
block 322, thc measured cell object mass is dividcd therchy 
in block 324 to increase the DNA mass to a corrcctcd valuc. 
In thc present cmbodimcnt, thc measurcd mass of ccll object 
305 (11.7 picograms) is increascd to 14.32 picograms in 
block 324. The corrected mass valuc, which morc accuratcly 
rcpresents thc mass of cell object 305 beforc sectioning, is 
then recordcd for usc in thc preparation of rcports such as 
DNA histograms From block 324, thc flow procccds to block 
191 (FIG. 10). 
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in the previous example of the correction function, a 
correction value was calculated for each cell object fragment 
identified to have an area greater than a predetermined 
threshold. The equation need not be performed for each 
identified cell object. Instead, the equation can be performed 
for many hypothetical combinations of tissue section thick 
ness and measured cell object area and the results (the value 
C) stored in a look up table. This table can then be accessed 
directly from the tissue section thickness and cell object area 
to speed processing. Additionally, other methods for popu 
lating the correction value look up table could be used. For 
example, empirical data correlating measured cell object 
fragment area and the actual DNA mass of whole cell objects 
may be obtained from tests and used to populate the cor 
rection value look up table. 

In the preceding example, cell objects were selected and 
assigned to classes before correction of DNA mass was 
performed. The DNA mass correction of FIG. 17 could have 
been performed before selection. In such a case, the function 
performed by FIG. 17 could be entered after block 195 (FIG. 
10) with a return from the correction function to block 197. 
In this way, classes would be assigned to identified cell 
objects on the basis of corrected cell object mass values. 
Some cell evaluation systems measure DNA in relative 
terms and assign cell objects a relative DNA index value. 
The present invention can be used to correct any DNA mass 
measurement value, be it specific mass in picograms or a 
relative mass value such as a DNA index value. 
While a preferred embodiment of the invention has been 

illustrated, it will be obvious to those skilled in the art that 
various modifications and changes may be made thereto 
without departing from the scope of the invention as defined 
in the appended claims. 
What is claimed is: 
1. A method of analyzing cell objects taken from a tissue 

section of a predetermined thickness comprising: 
establishing a plurality of ranges of cell object attribute 

values identifying cell objects to be used to generate a 
report; 

automatically measuring attributes of said cell objects, 
including cell object area and DNA mass for each cell 
object; 

selecting cell objects for use in generating said report by 
comparison of said measured attributes with said 
ranges of attribute values; 

identifying ones of said selected cell objects which are to 
have their DNA mass values corrected; and 

correcting the DNA mass value of said identified ones of 
said selected cell objects by an amount computed from 
said tissue section thickness and the measured area of 
the cell object to be corrected. 

2. The method of claim 1 comprising generating said 
report showing the corrected DNA mass values of said 
identified cell objects and the measured DNA mass values of 
non-identified ones of said selected cell objects. 

3. The method of claim 1 herein said correcting step 
comprises; 

computing for each selected cell object a correction value 
from the measured area of the identified cell object and 
said predetermined tissue section thickness; and 

increasing the measured DNA mass of each identified cell 
object by an amount determined from the correction 
value computed for that identified cell object. 

4. The method of claim 3 in said computing step com 
prises calculating said correction value C from the following 
equation: 
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c=-3--- T. 
16R3 

where T equals said predetermined tissue section thickness 
and R equals the square root of the measured cell object area 
divided by m. 

5. The method of claim 1 comprising establishing a 
threshold value of cell object area for said predetermined 
tissue section thickness; and 

said identifying step comprises identifying ones of said 
selected cell objects having an area as measured in said 
measuring step, which exceeds said threshold value. 

6. The method of claim 1 comprising determining cor 
rection values corresponding to predetermined combinations 
of tissue section thickness and measured cell object area and 
storing said predetermined correction values in a correction 
value table; and wherein 

said correcting step comprises reading from said correc 
tion value table a correction value corresponding to 
said predetermined tissue section thickness and said 
identified cell object area. 

7. The method of claim 6 wherein said determining step 
comprises empirically determining from evaluations of test 
tissue section samples of cell objects, correction values 
corresponding to predetermined combinations of tissue sec 
tion thickness and measured cell object area. 

8. The method of claim 6 wherein said determining step 
comprises calculating correction values C from the follow 
ing equation: 

c=-37 --- 
6R3 

where T equals said predetermined tissue section thickness 
and R equals the square root of the measured cell object area 
divided by m. 

9. A method of analyzing cell objects taken from a tissue 
section of predetermined thickness comprising: 

establishing a plurality of ranges of cell object attribute 
values identifying cell objects to be used to generate a 
report; 

automatically measuring cell attributes including the area 
and DNA mass of each of said cell objects; 

identifying ones of said cell objects which are to have 
their measured attributes corrected; 

correcting the DNA mass value of said identified ones of 
said cell objects by an amount computed from said 
tissue section thickness and the measured area of the 
identified cell object; and 

selecting cell objects for said report by comparison of said 
measured attribute values of non-identified cell objects 
with said ranges of cell object attribute values and 
comparison of the attribute values, including the cor 
rected DNA mass values of identified cell objects with 
said ranges of cell object attribute values. 

10. The method of claim 9 comprising generating said 
report showing measured DNA mass values of said non 
identified ones of said selected cell objects and showing the 
corrected DNA mass values of said identified ones of said 
selected cell objects. 

11. The method of claim 9 wherein said correcting step 
comprises: 

computing for each identified cell object a correction 
value from the measured area of the identified cell 
object and said predetermined tissue section thickness; 
and 
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increasing thc measured DNA mass valuc of cach cell 
object by an amount determincd from the correction 
valuc computed for that cell object, 

12. The method of claim 11 whercin said computing step 
compriscs computing a correction valuc C in accordance 
with the following formula: 

163 

where T cquals said predetermincd tissuc scction thickncss 
and R cquals thc squarc root of thc mcasurcd ccll objcct arca 
divided by m. 

13. The method of claim 9 comprising: 
cstablishing a threshold valuc of cell objcct arca for said 

predetermined tissue section thickncss; and 
said identifying step compriscs idcntifying oncs of said 

cell objects having an arca as measurcd in said mca 
suring step, which exceeds said threshold valuc. 

14. Thc method of claim 9 comprising determining cor 
rection values corresponding to predetermincd combinations 
of tissue section thickness and measurcd ccll objcct area and 
storing said determined correction values in a correction 
valuc table; and 

wherein said correcting step compriscs reading from said 
correction value table a correction valuc corresponding 
to said predetermined tissuc scction thickncss and said 
identificd ccll object, 

15. The method of claim 14 wherein said determining step 
comprises empirically determining from evaluations of tcst 
tissue section samples of cell objects, correction values 
corresponding to predetermined combinations of tissuc scc. 
tion thickness and measured cell objcct arca. 

16. The method of claim 14 whercin said determining step 
comprises calculating correction values C from thc follow 
ing equation: 
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whcrc T cquals said prcdctcrmincd tissuc scction thickncss 
and R cquals the squarc root of thc mcasured ccll objcct arca 
dividcd by m. 

17. An automatcd mcthod for gencrating reports of ccll 
objcct attributes mcasurcd from a sample of cell objccts 
including both wholc cell objects and ccll object fragments, 
said mcthod comprising: 

automatically mcasuring the valucs of predictermincci ccll 
object attributcs; 

identifying, responsive to thc attributc values mcasurcd in 
said mcasuring step, cell objcct fragmcnts having 
analysis valuc; 

correcting the values of mcasurcd attributes for ccll objcct 
fragments idcntifica in said identifying stcp; and 

reporting cell objcct attributc values including said mca 
sured valucs of said whole cell objccts and said cor 
rected valucs of said identificci cell object fragmcnts. 

18. Thc mcthod of claim 12 whercin said ccll object 
samplc is taken from a tissuc scction of a prcdctcrmined 
thickness, said mcasuring step includcs measuring thc arca 
of cach of said ccll objccts and said identifying stcpcom 
priscs identifying as a ccll objcct fragment having analysis 
valuc cach ccll object having a ccll objcct arca in cxccss of 
a threshold arca valuc detcrmincci from said tissuc scction 
thickncss. 

19. Thc mcthod of claim 18 whercin said correcting stcp 
comprises determining, for cach identificd cell objcct frag 
mcnt, a corrcction valuc from said predctermincd thickncss 
and thc measured arca of the idcntificd cell object fragment 
to bc corrcctcd, 

20. Thc mcthod of claim 18 wherein said attributc mca 
suring stcp includes measuring thc DNA mass value of cach 
of said ccll objects and said correcting step comprises 
increasing the mcasured DNA mass valuc for cach identifica 
ccll objcct fragment by an amount dctcrmined from said 
predctcrmincal tissuc section thickness and thc mcasured 
arca of thc identificd ccll objcct fragm.cnt. 

21. The mcthod of claim 17 whercin cach of said mca. 
surcd cell objects is a ccll nucleus, 

x k k k k 


